Out-of-hospital cardiac arrest (OHCA) is one of the leading causes of death worldwide, with acute coronary syndromes accounting for most of the cases. While the benefit of early revascularization has been clearly demonstrated in patients with ST-segment-elevation myocardial infarction (STEMI), diagnostic pathways remain unclear in the absence of STEMI. We aimed to characterize OHCA patients presenting to 2 tertiary cardiology centers and identify predicting factors associated with survival. OPEN ACCESS Citation: Lahmann AL, Bongiovanni D, Berkefeld A, Kettern M, Martinez L, Okrojek R, et al. (2020) Predicting factors for long-term survival in patients with out-of-hospital cardiac arrest -A propensity score-matched analysis. PLoS ONE 15(1): e0218634. https://doi.org/10.
Methods
We retrospectively analyzed 519 patients after OHCA from February 2003 to December 2017 at 2 centers in Munich, Germany. Patients undergoing immediate coronary angiography (CAG) were compared to those without. Multivariate regression analysis and inverse probability treatment weighting (IPTW) were performed to identify predictors for improved outcome in a matched population.
Results
Immediate CAG was performed in 385 (74.1%) patients after OHCA with presumed cardiac cause of arrest. As a result of multivariate analysis after propensity score matching, we found that immediate CAG, return of spontaneous circulation (ROSC) at admission, witnessed arrest and former smoking were associated with improved 30-days-survival [(OR, 0.46; 95% CI, 0.26-0.84), (OR, 0.21; 95% CI, 0.10-0.45), (OR, 0.50; 95% CI, 0.26-0.97), (OR, 0.43; 95% CI, 0.23-0.81)], and 1-year-survival [(OR, 0.39; 95% CI, 0.19-0.82), (OR, 0.29; 95% CI, 0.12-0.7), (OR, 0.43; 95% CI, 0.2-1.00), (OR, 0.3; 95% CI, 0.14-0.63)]. PLOS 
Introduction
Out-of-hospital cardiac arrest (OHCA) is a leading cause of death in western countries and still associated with poor prognosis despite improvement in emergency care and post-resuscitation management in recent years [1] [2] [3] [4] . Increased rates of bystander resuscitation (CPR), and widespread availability of automated external defibrillators (AEDs) substantially contributed to improved patient outcome; in addition, it has been shown that targeted temperature management and early revascularization improve survival of patients with cardiac arrest caused by myocardial infarction [5] [6] [7] .
Contemporary management of patients with ST-segment elevation recommends immediate coronary angiography (CAG) after cardiac arrest, including ad-hoc percutaneous intervention (PCI) if necessary. Current guidelines also suggest to consider immediate CAG for those patients with presumed cardiac cause of arrest in the absence of STEMI owing to the high incidence of coronary artery disease in these patients [8] [9] .
In this context, it remains challenging to select candidates for early CAG given the extremely heterogeneous population of cardiac arrest survivors and the difficulty to retrieve etiologic information in this specific setting [8, 10] .
The aim of this study was to characterize patients presenting to 2 major tertiary cardiology centers with intensive care capability after OHCA and stratification into those undergoing immediate coronary angiography or not. Furthermore, it was our goal to identify independent prognostic factors associated with survival in patients with OHCA.
Materials and methods
We collected retrospective data of patients after out-of-hospital cardiac arrest from February 2003 to December 2017 at two centers in Munich, Germany. OHCA data were collected according to the Utstein recommendations and the ethics committee of the Technical University Munich (approval number 343/17 S) waived informed consent due to the observational nature of the study [11] .
Endpoint definitions
The primary outcome was survival at 30 days and one year, which was assessed by medical records or by telephone interview of the attending physicians; secondary outcome was functional status at discharge which was evaluated using the Cerebral Performance Category (CPC) score [12] . echocardiographic abnormalities or information derived from witnesses and former medical history aided in decision-making. An immediate coronary angiogram and subsequent PCI was performed if necessary, using standard techniques. Patients were subsequently admitted to the intensive care unit (ICU) for standard post-resuscitation care including targeted temperature management if indicated.
Immediate CAG was defined as coronary angiography performed within two hours after admission to hospital.
A coronary lesion resulting in >75% reduction of luminal diameter by visual estimation was considered significant and PCI was deemed successful when resulting in a residual stenosis of <30%.
Culprit lesion morphology was determined by angiography and defined as acute coronary occlusion, presence of thrombus, severe narrowing in the presence or absence of thrombus, and unstable-appearing lesions with high likelihood to trigger ischemia responsible for cardiac arrest.
NSTEMI, as well as the other causes of cardiac arrest, were determined by review of ECGs after return to spontaneous circulation (ROSC) and by review of patients' charts including CAG and serum parameters or CT-scan if performed. STEMI was determined by review of first ECG after ROSC.
Statistical analysis
Continuous variables are presented as mean ± SD. Distribution of data was checked for normality using the Shapiro-Wilk goodness-of-fit test and differences analyzed with the Wilcoxon-signed rank sum test in case of non-parametric data and student's t-test in the event of normal distribution. Categorical variables are presented as number (%) and were analyzed using the χ2-test. Univariate logistic regression analysis was performed to derive crude 30-days and 1-year-survival rates among patients undergoing immediate CAG or not.
To minimize selection bias of patients undergoing immediate CAG and to control for potential confounding factors, we conducted propensity score (PS) regression analysis and generated two matching cohorts of patients undergoing immediate CAG or not.
Propensity scores were estimated using binary logistic regression analysis based on variables derived from univariate analysis of baseline characteristics (p<0.05) available to the treating physician prior to triage of patient groups into immediate coronary angiography or conservative strategy.
The selected variables were hypercholesterolemia, smoking, daytime arrest, witnessed arrest, arrest at home, ROSC at admission and female. 1:1-propensity score matching using the nearest-neighbour method (R-package "MatchIT", version 3.0.2) with a caliper of 0.1 resulted in 119 patients assigned to undergo immediate coronary angiography and 119 patients assigned to conservative strategy.
Following the PS-matching, all available univariate factors were subsequently entered into one multivariate generalized linear regression model. Selection of covariates in the multivariate regression model was performed using the LASSO (Least Absolute Shrinkage and Selection Operator) regression method after entering all available candidates. These variables were ROSC at admission, bystander CPR, daytime presentation, witnessed arrest, arrest at home, active smoker, former smoker, diabetes, family history, female, history of prior myocardial infarction, history of coronary artery disease, arterial hypertension and immediate CAG.
Additionally, a multivariable regression model based on generalized estimation equations (GEE) and adjusted for a weighted estimation using a propensity score to be assigned to immediate CAG or not was applied (inverse probability of treatment weighting, IPTW-analysis). To confirm the benefit of immediate coronary angiography in patients excluding those presenting with STEMI, sensitivity analysis using LASSO regression was performed.
Parameters achieving p-values <0.05 were considered statistically significant and odds ratios derived with 95% confidence intervals. Analysis was performed using JMP Pro (software version 13.0, Cary, NC, USA) and R (MatchIT package, version 3.0.2 and MICE package, version 3.6.0).
Results
We analyzed a total of 519 patients with out-of-hospital cardiac arrest between February 2003 and December 2017 that were consecutively admitted to one of two tertiary centers in Munich, Germany.
The baseline demographic characteristics are shown in (Table 1) . ECG at first contact with emergency medical service (EMS) showed ventricular fibrillation in 233/376 (62.0%) of the patients who underwent immediate CAG, and in 26/125 (20.8%) in the no immediate CAG group (Table 2) as most frequent initial rhythm.
Major causes of cardiac arrest were STEMI and NSTEMI in 111/517 (21.5%) and 141/517 (27.3%) of all patients, respectively (Table 3 ).
In the 385 patients undergoing immediate CAG, a culprit lesion was identified in 247/385 (64.2%) ( Fig 1A and 1B) . (Table 4) .
Coronary angiographic and intervention findings are shown in Table 5 .
Patients in the immediate CAG group had significant higher pH-values and lower lactate levels in the first blood gas analysis (7.11 ± 0.20 vs. 7.00 ± 0.21, p<0.001 and 8.8 ± 4.8 mmol/l vs. 12.4 ± 8.2 mmol/l, p<0.001).
Overall 30-days-survival of the 519 patients that were included in the study was 50.1% compared to a 1-year-survival of 37.6%. 30-days-survival as well as survival after one year was 
Matched population
After applying PS matching to reduce confounding factors arising from differential selection of patients undergoing immediate CAG or not, two comparable cohorts were generated to identify predicting factors associated with survival after OHCA (Table 7) .
By multivariate analysis, we found that immediate CAG was associated with improved 30-days-survial and 1-year-survival [(OR, 0.46; 95% CI, 0.26-0.84), (OR, 0.39; 95% CI, 0.19- Predicting factors for long-term survival in patients with out-of-hospital cardiac arrest 0.82)]. In addition, ROSC at admission, witnessed arrest and former smoking were predictors of improved outcome after 30 days [(OR, 0.21; 95% CI, 0.10-0.45), (OR, 0.50; 95% CI, 0.26-0.97), (OR, 0.43; 95% CI, 0.23-0.81)] (Fig 2) and 1 year [(OR, 0.29; 95% CI, 0.12-0.7), (OR, 0.43; 95% CI, 0.2-1.00), (OR, 0.30; 95% CI, 0.14-0.63)] (Fig 3) . IPTW-analysis confirmed predictive modeling of variables associated with improved survival at 30 days and 1 year in the matched cohort. Immediate coronary angiography and ROSC at admission had an IPTW-adjusted probability of improved 30-days-mortality [(OR, 2.96; 95% CI, 4.98-1.77; p<0.001), (OR, 9.15; 95% CI, 4.57-18.31; p<0.001)].
To substantiate the benefit of immediate coronary angiography excluding patients presenting with STEMI, where the advantage of early revascularization is well established, we performed sensitivity analysis within the overall cohort of patients excluding patients presenting with STEMI. LASSO regression analysis revealed immediate coronary angiography to be of borderline significance with regards to its association with survival at 30 days (estimate 0.66 [-0.05-1.36], p = 0.069).
Discussion
Although OHCA is mostly caused by acute myocardial infarction, it is unknown whether early coronary angiography is associated with improved survival in all patients after OHCA.
Our study represents one of the largest cohorts analyzing patients after out-of-hospital arrest with long-term survival and coronary angiographic data, collected at 2 centers specialized in coronary intervention and post-resuscitation care. It was our aim to characterize this extremely heterogeneous and critically ill population especially with regards to the impact of immediate coronary angiography. In this regard, the most salient findings can be described as follows: Predicting factors for long-term survival in patients with out-of-hospital cardiac arrest ! By multivariate analysis after PS matching, we identified ROSC at admission and immediate CAG, witnessed arrest and former smoking as independent predictive factors for 30-days-survival and 1-year-survival in patients with OHCA
Influence of study population and immediate coronary angiography on survival
Our study is composed of patients presenting to 2 tertiary centers specialized in cardiac care with capability for primary PCI and post-resuscitation care after OHCA. Consequently, preselection of patients by on-site emergency physicians and paramedical staff is very likely to impact significantly on overall findings and survival [13] . Additional selection bias arises from early triage after patient admission, where those with ST-segment elevation and other ECG abnormalities suggestive of ischemia are likely to undergo immediate CAG. To reduce these confounding factors, we performed propensity score regression analysis, IPTW-analysis and Predicting factors for long-term survival in patients with out-of-hospital cardiac arrest sensitivity analysis excluding patients with STEMI, which confirmed the survival benefit of patients undergoing immediate CAG. The partially wide confidence intervals can be interpreted as an indication for the heterogeneity of the patient population. Along these lines, the overall survival rate of 50.1% in our study further supports the previously encountered phenomenon that triage into early angiographic evaluation in dedicated cardiac care centers may help improve outcome of these critically ill patients. Previous studies suggested a high incidence of coronary artery disease in patients without obvious extracardiac cause of arrest, proposing early coronary angiography to be performed in most patients [8, 14, 15] . The diagnosis of NSTEMI is oftentimes difficult to confirm in the setting of OHCA owing to prevalent ECG and laboratory abnormalities in these patients. Consequently, it is likely that patients presenting with STEMI largely benefited from early revascularization, which impacted on overall study outcome. Yet, the impact of immediate coronary angiography to rule out myocardial ischemia remains to be determined in the setting of NSTEMI and OHCA, where major randomized clinical trials to address this question are currently ongoing.
The fact that we found former smoking as predictive factor for improved 30-days and 1-year survival needs further investigation in dedicated studies and might be explained by similar mechanisms known from the well-established conundrum of the "smoker's paradox", which has been reported by other groups in patients after cardiopulmonary resuscitation [16, 17] .
Corroborated by our findings, these results emphasize the relevance of appropriate patient selection for an invasive diagnostic strategy [8, 18] .
Factors impacting on neurological outcome and survival
Good neurological function (defined as CPC 1&2) at discharge was achieved in 164/299 (54.8) of the patients, comparable to previous studies [19] [20] [21] , with improved neurological outcome for patients undergoing immediate CAG. While previous studies addressing this association have already suggested a favorable effect of early angiographic assessment in post-resuscitation care, most, if not all studies including ours are hampered by non-randomized and retrospective design, increasing the chance to receive immediate CAG in patients with obvious ECG abnormalities and favorable OHCA resuscitation response including those with early ROSC, bystander CPR and witnessed arrest [22, 23] . These constraints especially apply to the diagnosis STEMI, which is almost exclusively based on the first ECG at admission. In accordance with the current guidelines of the European Society of Cardiology, patients with STEMI are immediately transferred to the cath lab [24] . Consequently, it is likely that patients presenting with STEMI largely benefited from early revascularization, which impacted on overall study outcome. To validate the benefit of immediate coronary angiography in the entire population, we performed sensitivity analysis excluding patients with STEMI reaching borderline significance regarding the association of immediate CAG in this setting.
Patients undergoing immediate CAG are at higher likelihood for a favorable neurological outcome compared to those patients where early triage during patient presentation is influenced by unfavorable OHCA resuscitation response and absence of ECG abnormalities.
Nevertheless, we and other authors have shown that culprit coronary lesions are detected in a large proportion of patients undergoing immediate CAG providing an opportunity to improve neurological outcome by primary PCI and by using propensity matching, we aimed to reduce the inherent selection bias of observational studies.
Patients with immediate CAG had significantly more often bystander CPR and a witnessed arrest, which is consistent with more shockable rhythms in this group leading to ROSC at admission, which we have shown to be predictive of favorable outcome [25, 26] . In line with this, our findings are congruent with those of Stiell et al. in such that bystander resuscitation is a major factor of survival and neurological outcome after cardiac arrest. In addition, the widespread availability of automated external defibrillators (AEDs) has recently been shown to be associated with favorable outcome, which highlights the importance of prehospital resuscitation quality [23, 27] .
In our cohort, 30-days-survival was greater among patients with immediate coronary angiography compared to those without. These results are similar to those shown in the meta-analysis by Camuglia et al. with the limitation that they only considered survival to hospital discharge [21] . However, whether immediate CAG with subsequent PCI is associated with improved outcome or whether comorbidity and yet unidentified factors prevail to determine outcome in this critically-ill patient population remains to be investigated in dedicated prospective trials.
Limitations
In our study, we observed an overall survival rate of 50.1%, which is in agreement with a priori selection of best candidates for early CAG. Furthermore, it was performed at 2 centers, where prehospital management of OHCA is performed according to standardized protocols with great experience in the treatment of acute coronary syndrome and cardiac arrest, which might have contributed to better survival rates than elsewhere and was recently pointed out by Soholm et al [13] .
Our observations are obviously limited by the retrospective design of the study. Outcomes in the heterogenous population of patients after OHCA are likely impacted by selection bias and best practice of treating physicians.
